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GridFTP Usage Log 
Analysis

• Purpose: characterize wide area data movement

• Obtained logs from

• NERSC-ORNL (Sept. 2010)

• NERSC-ANL (Mar. 4 - Apr. 22, 2012)

• NCAR-NICS (2009-2011)

• SLAC-BNL (Feb. 10 - Apr. 26, 2012)

• Analysis performed

• Throughput Variance Analysis

• Session Analysis

4

* Logs obtained with help from John Dennis, NCAR, Ian Foster and Linda Walker, ANL, Jason Hick and Jason Lee, NERSC, Yee-Ting Li and Wei Yang, SLAC, 
Soctt Bradley and John Bigrow, BNL, Galen Shipman and Scott Atchley, ORNL, and Victor Hazelwood, NICS
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GridFTP Usage Log 
Analysis

• The usage log provides useful information such as:

• Number of bytes transferred

• Transfer start date

• Transfer end date

• Source/Destination

• Configuration (streams / stripes settings)
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Session Analysis
• Question: in spite of increasing 

rates (which means shorter 
transfer durations), are 
transfer sizes large enough to 
justify VC setup overhead?

• Our initial finding: transfers 
are short lived

• However, as John Dennis 
pointed out: scientists 
transfer files, large or 
small, in batches

• These transfer “sessions” 
may be long lived

7
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Session Analysis
• Applies to transfers between 

the same two hosts. (i.e. same 
IP routed path)

• Batch transfers can be 
“merged” into sessions for 
analysis purposes

• Transfers in a session:

• overlap each other

• small gap ( denoted as g ) 
between back-to-back 
transfers
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Session Analysis

• Long lived (>10min, defined as 10x the VC setup delay 
used in ESnet) sessions would justify the use of VC

• However, durations may shorten under high 
throughput (if VC improves throughput)

• Hypothetical study:

• What percentage of sessions would have lasted 
long enough (>10x setup delay) if throughput is 
assumed to be as high as the third-quartile across 
all transfers?
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Session Analysis

• Pick g = 1min, the current VC setup delay
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Session Analysis

• Pick g = 1min, the current VC setup delay

• Largest session in SLAC-BNL: ~12TB @ 1.06Gbps

• Longest Session in NCAR-NICS: 2.4TB, 13 hrs and 24 mins, 410Mbps
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Session Analysis
• Pick g = 1min, the current VC setup delay

• NCAR - NICS

• 52,454 transfers -> 211 sessions

• 56.87% sessions (90.54% transfers) 
would have lasted > 10mins if they 
have high throughput (defined as 3rd 
quartile)

• SLAC - BNL

• 1,021,999 transfers -> 10,199 sessions

• only 12.5% sessions would have lasted 
> 10mins

• however, these 12.5% sessions 
came from 78.38% of all transfers
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Throughput 
Characterization

• Question: are science data transfer rates high or 
still low?

• Max. throughput:

• NERSC-ORNL: 3.64 Gbps

• ANL-NERSC: 2.76 Gbps

• NCAR-NICS: 4.23 Gbps

• SLAC-BNL: 2.56 Gbps

• Significant fractions of link capacity (10 Gbps)
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Throughput Variance
• Significant variance observed

• NCAR-NICS: CV = 63.05%

• SLAC-BNL: CV = 115.24%
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Throughput Variance

• Significant variance observed

• NCAR-NICS: CV = 63.05%

• SLAC-BNL: CV = 115.24%

• We identified a subset of 145 
32GB transfers between 
NERSC and ORNL

• Even though these transfers 
occurred across the same 
path, there was considerable 
variance
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Throughput Variance

• Significant variance observed

• NCAR-NICS: CV = 63.05%

• SLAC-BNL: CV = 115.24%

• We identified a subset of 145 
32GB transfers between 
NERSC and ORNL

• Even though these transfers 
occurred across the same 
path, there was considerable 
variance
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CV = 32.58%
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Throughput Variance
• 334 test transfers from ANL to NERSC

• 4 types: mem-mem (84), mem-disk (78), disk-mem(87), disk-disk(85)
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Throughput Variance
• Potential factors impacting throughput

• GridFTP configuration

• number of parallel TCP streams 

• number of stripes (servers)

• reuse TCP connections (“-fast” option)

• Competing network/server resources

• link utilization

• concurrent GridFTP transfers

18
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Throughput Variance

• Analysis on SLAC-BNL data set suggests multiple TCP streams result in higher throughput for small files, 
possibly due to Slow Start

• For larger sizes, the throughput is roughly the same, suggesting packet losses are rare if any

19
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Throughput Variance
• “Stripe” in GridFTP context: multiple servers participating in transfer

• Data from NCAR - NICS data set seems to suggest dependence of throughput on number of stripes
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Throughput Variance
• GridFTP provides a parameter called “-fast”, which reuses TCP connection for 

transfers of directories

• Since the usage log does not record the presence (or lack thereof) of this 
option, we conducted experiment on a testbed

• Link capacity: 10 Gbps; RTT: 48.8ms

• Test cases:

• transferring whole directory with “-fast”

• one process of globus-url-copy, one TCP connection

• transferring whole directory without “-fast”

• one process of globus-url-copy, multiple TCP connection

• transferring whole directory with “-fast”, but transfer each file one by one

• multiple processes of globus-url-copy, multiple TCP connection

21
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Throughput Variance

22

Small: 128 x 64MB
Medium: 32 x 256MB

Large: 8 * 1GB

The impact of reusing TCP connection is obvious, esp. on high BDP path
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Throughput Variance
• ESnet routers provide SNMP data of byte counters at a 30s interval

• Estimate total number of bytes from SNMP counter data:

23

High correlations suggest GridFTP traffic are dominating Low correlations suggest other traffic is not causing throughput variance

* SNMP data obtained with help from Chris Tracy, Jon Dugan, Eric Pouyoul, Brian Tierney and other ESnet support staffs
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Throughput Variance
• Concurrent transfers

24
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Tool Development for 
Variance Study

• We developed tools for collecting usage/performance data 
on servers.

• top/mpstat measures the CPU usage

• tcpdump/tcptrace analyzes TCP packet loss

• Controlled experiments were run on ANI LIMAN testbed 
to test these tools

• developed scripts to use double, tc, and netem utilities to 
emulate CPU load and packet loss

• Deployed these tools on production NERSC and SLAC data 
transfer nodes (DTNs)*

26

* NERSC - SLAC experiments coordinated with Jason Hick and Jason Lee, NERSC, and Yee-Ting Li and Wei Yang, SLAC
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NERSC - SLAC 
Experiments 

• Between NERSC and SLAC DTNs

• Link Capacity: 10Gbps

• At every hour

• a memory to memory transfer runs from NERSC to ANL for 
30s

• another one runs from ANL to NERSC for 30s

• prior to the two test runs, at the 59th minute every hour, the 
monitoring tools we developed are run to record CPU usage 
data and TCP traces

• SNMP data obtained from NERSC and SLAC routers, as well as 
ESnet routers

27
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NERSC - SLAC 
Experiments 

• High correlation between CPU usage and throughput

28

NERSC -> SLAC SLAC -> NERSC

Cor(Throughput, NERSC 
CPU Usage) 0.89 0.81

Cor(Throughput, SLAC 
CPU Usage) 0.94 0.90



/ 41

NERSC - SLAC 
Experiments 

• Linear Model: throughput ~ nersc_cpu + slac_cpu (NERSC -> SLAC transfers)

29

nersc_cpu slac_cpu (intercept)

Estimates 29.347 58.293 155.472

Multiple R-squared: 0.9264, Adjusted R-squared: 0.9252 
F-statistic: 736.8 on 2 and 117 DF,  p-value: < 2.2e-16
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NERSC - SLAC 
Experiments 

• Linear Model: throughput ~ nersc_cpu + slac_cpu (SLAC -> NERSC transfers)

30

nersc_cpu slac_cpu (intercept)

Estimates 39.203 152.655 -2427.486

Multiple R-squared: 0.885, Adjusted R-squared: 0.8831 
F-statistic: 480.8 on 2 and 125 DF,  p-value: < 2.2e-16 
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DOE ANI 100G 
Testbed - Overview

• Two sites: NERSC and ANL

• Each site has 3 
performance testing hosts: 
“diskpt”s and “mempt”s

• Each host has 4 10 GbE 
interfaces

32

*Brian Tierney’s DOE PI meeting talk, March 1-2, 2012
Work done by Eric Pouyol and Brian Tierney, ESnet
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DOE ANI 100G 
Testbed - Overview

• Two sites: NERSC and ANL

• Each site has 3 performance testing hosts: “diskpt”s and “mempt”s

• Each host has 4 10 GbE interfaces
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*Brian Tierney’s DOE PI meeting talk, March 1-2, 2012
Work done by Eric Pouyol and Brian Tierney, ESnet
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TCP Behavior on 100 
Gbps Paths

• ran nuttcp benchmark for 20 hours; utilized all 24 interfaces on all 6 performance testing hosts

• achieved around aggregated throughput of 98.67 Gbps

• no errors reported by SNMP

34

SNMP counters from NERSC and ANI 100G routers
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TCP Behavior on 100 
Gbps Paths

• Reason for 0 errors: Forward error correction in Ciena 6500s

• Before Ethernet frames are encapsuled in ODU4, FEC codes are added

• Pre-FEC Bit Error Rate can be as high as 1.36e-3

• Post-FEC Bit Error Rate: in the order of 1e-37

• At full 100 Gbps, we can only transfer 6.9e16 bits in 24 hours

35

* explained to us by Chris Tracy, ESnet
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GridFTP Integration with 
RoCE and IDC Client

• GridFTP throughput is highly dependent on 
available CPU resources, especially on high 
speed links

• RoCE has the advantage of low CPU usage; 
it however requires a L2 circuit

• Solution: RoCE + IDC + GridFTP

38
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GridFTP Integration with 
RoCE and IDC Client

• Inter Domain Controller Protocol (IDCP) is a web-service (SOAP) based protocol for dynamic 
provisioning of network resources

• We are working with ESnet’s implementation, OSCARS, which provides a command line interface

39

TextText

1. Wrapper calls IDC Client

2. IDC Client creates a 
reservation and requests a circuit 
to be set up

3. IDC Server talks to domain 
controllers and sets up the circuit

4. IDC Server notifies Client

5. Client notifies Wrapper

6. Wrapper launches GridFTP for 
the actual transfer

7. Transfer starts
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GridFTP “Dashboard” 
GUI

• Visualizes GridFTP logs
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